Introduction
Hypericin 3, a natural polycyclic aromatic dianthraquinone, is mostly found in plants belonging to Hypericum genus (St. John's wort) and has been used in treatments of depression. 1 There have been intensive studies for 3 on its antiretroviral activity against several types of virus including human immunodeficiency virus (HIV) [2] [3] [4] [5] and its potential inhibitory effect against PKC for last decade. 6 Previous studies showed that a direct correlation was found between PKC and enzyme activity in all human malignant glioma cell lines in vitro. [7] [8] [9] PKC is the multi functional and ubiquitous enzyme system related with signal transduction pathways. Recent interests are focused on PKC expressing level in malignant glioma cells because malignant glioma cells show elevated PKC activity compared to normal cells. 10 Other works have shown that PKC activities correlate with the proliferation rate of glioma and increased PKC activities thus reflect the malignancy of tumor cells. 11 Recent works have demonstrated that manipulations of PKC system can alter growth rates of human malignant glioma cell lines in vitro. 12, 13 3 has been demonstrated an inhibitory effect on PKC activity. In this study, a direct labeling of hypericin with I-123 or I-124 was conducted to develop a new radiopharmaceutical for the diagnosis of brain tumors having high PKC activity. A synthesis of 3 has been initially proposed by Brockmann et al. in 1957 . 15 Although many other attempts 16 for synthesizing 3 has been carried out using either oxidative dimerization reaction or reductive coupling, procedure to separate and purify a mixture still remained troublesome and complex. Zalkow et al. established an efficient method for preparation of 3 (Scheme 1), where emodin 1 without reduction step to emidin anthrone was used as a starting material and directly gave 2 by reductive coupling with hydroquinone in basic solution in relatively good yield of about 50%. 
Results and Discussion
Although reduction yield of emodin to emodin anthrone was relatively high, dimerization of emodin anthrone was not successful in preparing 2. We were, thus, trying to optimize the direct coupling method conducted by Zalkow et al. to synthesize 2. A similar result to referenced method was observed except photocyclization. The irradiation of 2 in bright sunlight did not provide sufficient conditions for photocyclization to produce 3 while irradiation with 200 watt glow lamp gave acceptable conversion yield of about 95%. The synthetic yields of 2 were found to be affected by the reaction temperature and listed in Table 1 .
The structure of 3 has been fully elucidated by 1 H NMR, UV-VIS spectra and mass spectrometer and was identical to reference. 16 4 which used as a standard compound also was effectively synthesized by the reaction of 3 with sodium iodide in the presence of peracetic acid. Addition of 0.5 mL of peracetic acid and 10 min reaction time at room temperature were optimal reaction condition for iodination of 3 and the results are summarized in Table 2 . I. 18 The radioisotope 123 I (T 1/2 =13.2 h, electron capture) is the gamma ray emitter and very useful radioisotopes used in single photon emission computerized tomography (SPECT). The radioisotope 124 I (T 1/2 =4.18 d, electron capture, γ, β + ) is the only long-lived β + emitting radioisotope of I and can be used as a diagnostic radiopharmaceutical which label certain molecule for positron emission tomography (PET). Radioiodination was achieved by similar method to that of 4. Multi-iodinated 3 was observed during liquid chromatograph/mass spectrometer analysis. The spectra of iodination are shown in Figure 1 .
3, 4 and di-iodinated 3 were observed in Figure 1 . 503 m/z indicates 3, 629 m/z indicates 2-iodohypericin (4) and 755 m/z indicates di-iodinated 3. 10 minutes reaction at room temperature was enough for iodination and longer reaction gave multi-iodinated 3. The referenced solvent system 17 was quite suitable for the purification for which preparative HPLC was used.
As shown in Figure 2 
Experimental Section
Emodin, hydroquinone, peracetic acid, sodium iodide, phosphoric acid and potassium hydroxide were purchased from Aldrich Co.. All solvents were of analytical grade and used without further purification. Glass pressure tube was purchased from Ace glass. Thin layer chromatography was performed using silica gel 60 F254. Melting points were measured on a MEL-TEMP device. 
2-Iodohypericin (4)
. 180 mg (0.36 mmol) of 3 was dissolved in 60 mL of ethanol. 0.5 mL of sodium hydroxide solution (0.01 M) containing 20 mg of sodium iodide was added to ethanol solution, followed by 0.5 mL of phosphoric acid (0.5 M) and 0.5 mL of peracetic acid (32%) was added to the reaction mixture. The resulting reaction mixture was stirred for 10 minutes at room temperature. 1 mL of sodium hydrogen sulfite (0.048 M) was added to reaction mixture, 
